Introduction {#Sec1}
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It was informed to be pneumonia cases that rapidly increased and completely undetermined etiology in Wuhan, China. A previously unknown virus type belonging to coronavirus family has been described as the etiological reason of these pneumonia cases. In following days, the World Health Organization (WHO) has defined the disease name as a COVID-19, which means 2019 coronavirus disease \[[@CR1]\]. Virus that caused to COVID-19 has been named as a SARS-CoV-2 because of the similarity of SARS-CoV which was previously caused the similar pandemic (severe acute respiratory syndrome) as well \[[@CR2]--[@CR4]\]. COVID-19 causes the acute respiratory syndrome. It is accepted to be a life-threatening disease because of the serious lower respiratory tract involvement.

COVID-19 infection symptoms arise from after approximately 5 days incubation period \[[@CR5]\]. The most common symptoms of COVID-19 are fever, cough, and fatigue. Apart from these, headache, dyspnea, and diarrhea are the other detected findings of disease \[[@CR6]\]. Pneumonia, acute respiratory distress syndrome, and multi-organ failure may develop in the most severe cases. Neurotropic and neuroinvasive features of coronavirus have been defined \[[@CR7]\]. Coronavirus reaches to the central nerve system (CNS) via nervous olfactory with nasal infection, and then it can cause the inflammation and demyelization \[[@CR7]\].

Coronavirus types use similar viral structures and infection routes. Pathological mechanisms which were found for other known coronaviruses subtypes can also be considered for COVID-19 \[[@CR8]\]. Coronaviruses do not always affect only human respiratory system. It can affect the CNS \[[@CR8]\]. According to the obtained data, neurological involvement is not rare in human coronaviruses infections. Virus was detected from cerebrospinal fluid (CSF) in reported SARS-CoV patients \[[@CR9]\]. In one study conducted on 70 patients with MERS-CoV infection, it was reported an epileptic seizures and mental state changes \[[@CR10]\]. Therefore, it is possible to detect the neurological symptoms in COVID-19 patients with detailed neurological examination.

Coronaviruses may be found in many animals and may cause systemic infection. Coronavirus types such as SARS-CoV and Middle East respiratory syndrome CoV (MERS-CoV) cause the pandemic \[[@CR2]--[@CR4], [@CR6]\]. Also, COVID-19 infection causes the serious clinic symptoms and high mortality in humans. In the literature, clinical symptoms such as fever, cough, dyspnea, diarrhea, and fatigue have often been described in studies regarding with COVID-19, but data related to neurological findings are not enough \[[@CR8], [@CR11]\]. Therefore, to fill this gap in the literature, in this study, 239 patients with COVID-19 confirmed with laboratory tests were evaluated in detail from a neurological point of view. Neurological involvements obtained with this evaluation were reported.

Materials and methods {#Sec2}
=====================

In this prospective study, 239 consecutive inpatients, diagnosed with COVID-19 according to WHO interim guidance, were investigated from April 2020 to May 2020. COVID-19 positivity has been defined with the real-time reverse transcription polymerase chain reaction (rRT-PCR) analysis of the throat and nasal swab specimens which is using for SARS-CoV-2 virus analysis. Thorax CT and laboratory tests such as ~~a~~ complete blood cell count, blood analysis, coagulation testing, D-dimer, assessment of liver and renal function testing, C-reactive protein, creatinine kinase (CK), and lactate dehydrogenase (LDH) were investigated as standard in all patients. Fever was described if body temperature is ≥ 37 °C.

Patients who are unable to communicate were excluded from the study. Two hundred seventy-nine hospitalized patients with laboratory confirmation of COVID-19 were included in the study. This prospective clinical study was approved by the Local Ethic Committee (Protocol No: 2020-162). Before the study, informed consent form was taken from all patients. The study was performed in accordance with the principles of Helsinki Declaration.

Data collection {#Sec3}
===============

Demographic features (age, gender), fever, and neurological symptoms were recorded in patients with COVID-19. Neurological examination and evaluation were performed with personal protective equipment in all patients. Brain CT/MRI and/or electroencephalography (EEG) investigations were performed according to the neurological symptoms in need. High-resolution thorax CT (HRCT) and laboratory findings (IL-6, D-dimer, and CK) of all patients were evaluated.

Neurological examination and evaluation were performed and confirmed by two trained neurologists working in COVID clinic. All patients were conscious, coopered, and oriented. All neurological findings were obtained via face-to-face.

Statistical analysis {#Sec4}
====================

The collected data were assessed with SPSS for Windows 26. To summarize the features of demographic data, descriptive statics were used. Qualitative variables were indicated with frequency and percentage; numerical variables were summarized by mean ± standard deviation. To compare the variables, *t* tests were performed, and *p* \< 0.05 was accepted as statistically significant.

Results {#Sec5}
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This prospective study was conducted on hospitalized patients diagnosed with COVID-19, with neurological examination and face-to-face interview between April and May 2020. Two hundred thirty-nine patients (133 males + 106 females) with diagnosed COVID-19 were included in the study. The mean age of the patients was 46.46 ± 15.41 (min 19, max 88). The demographic characteristics of patients are shown in the Table [1](#Tab1){ref-type="table"}.Table 1Demographic characteristics of patientsCharacteristicsAll patients (*n* = 239)MinimumMaximumMean ± SDAge, years19.0088.0046.46 ± 15.41Sex  Female106 (44.4%)  Male133 (55.6%)

Neurological findings were observed in 83 patients (34.7%). Fever was the most common symptom in patients with COVID-19 (33.1%). The most common neurological finding was headache (27.6%). The characteristic of headache was detected usually bilateral; it was mostly seen on frontal and posterior areas of the head.

IL-6 results were obtained in 28 of 239 patients. Thirteen patients had complaint of headache, and 15 patients had no complaint of headache among these patients. The mean value of IL-6 was 57.18 ± 52.95 pg/mL (min 17.32 pg/mL, max 214.3 pg/mL) in patients with complaint of headache. The mean value of IL-6 was 42.94 ± 28.95 pg/mL (min 2.70 pg/mL, max 114.13 pg/mL) in patients with no complaint of headache. IL-6 level was found to be significantly higher in patients with headache (*p* \< 0.05).

Besides the headache, trigeminal neuralgia was detected in 8 patients (3.3%), and glossopharyngeal neuralgia was found in 9 patients (3.7%).

There was a small impairment in 18 patients (7.5%) and a taste impairment in 16 patients (6.7%). Of the 16 patients with taste impairments, 11 had also smell impairments.

Cerebrovascular disease (CVD) was found in 9 patients (3.8%). Two of these patients were evaluated as hemorrhagic CVD, 3 as transient ischemic attack (TIA), and 4 as ischemic CVD. Muscle pain was present in 36 (15.1%) patients, and it was one of the most common neurological findings. CK results were obtained in 140 of the 239 patients. Thirty six of 140 patients had a muscle pain and 104 patients had no muscle pain complaint. The mean CK values were 241.05 ± 137.02 U/L (min 45.00 U/L, max 721 U/L) and 139.67 ± 83.80 U/L (min 21 U/L, max 451 U/L), respectively. CK level was found to be significantly higher in patients with muscle pain (*p* \< 0.05).

D-dimer blood levels were compared between patients having at least one neurological symptom (*n* = 83) and without any neurological symptoms (*n* = 156). The mean value of D-dimer blood levels was 2.38 ± 4.74 mg/L (min 0.19 mg/L, max 42.3 mg/L) and 0.53 ± 0.45 mg/L (min 0.1 mg/L, max 2.25 mg/L), respectively. D-dimer level was detected to be significantly higher in patients with neurological symptoms (*p* \< 0.05).

Sleep complaints were present in 30 patients (12.6%). Twenty one of these 30 patients had at least one of the symptoms such as headache, trigeminal neuralgia, and glossopharyngeal neuralgia.

Four patients (1.7%) had complaints which overlap with the restless leg syndrome (RLS) criteria when it was questioned to them. These patients stated that they did not have such a diagnosis before hospitalization and that they did not have such significant complaints. Neurological findings are summarized in Table [2](#Tab2){ref-type="table"}. One patient was diagnosed as Guillain-Barre Syndrome (GBS) 2 weeks after discharging with COVID-19 and rehospitalized.Table 2Neurological findingsSign and SymptomsAll patients (*N* = 239)Fever79 (33.1%)Headache64 (26.7%)Trigeminal neuralgia8 (3.3%)Glossopharyngeal neuralgia9 (3.7%)Vasoglossopharyngeal neuralgia2 (0.8%)Pain with eye movements3 (1.3%)Dizziness16 (6.7%)Tinnitus5 (2.1%)Lack of hearing3 (1.3%)Visual defect8 (3.3%)Numbness on tongue4 (1.7)Bifurcation in voice3 (1.3%)Numbness in the face area8 (3.3%)Smell impairment18 (7.5%)Taste impairment16 (6.7%)Cerebrovascular disorders9 (3.8%)Hemorrhagic CVD2 (0.8%Ischemic CVD7 (2.9%)Impaired consciousness-confusion23 (9.6%)Sleep disorder30 (12.6%)Orthostatic hypertension8 (3.3%)Balance disorder6 (2.5%)Muscle pain36 (15.1)Guillain-Barre syndrome1 (0.4%)Restless leg syndrome4 (1.7%)Nausea13 (5.43%)Diarrhea13 (5.4%)

Discussion {#Sec6}
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In this prospective study, neurological symptoms in hospitalized patients with COVID-19 were evaluated. Eighty three (34.7%) of 239 patients were evaluated with neurological involvement. There were several neurological symptoms including CNS, PNS, and skeletal muscles. The most common typical symptom was fever (33.1%). Headache was the most detected symptom among the neurological symptoms (26.7%). Neurological manifestation must be paid attention in patients with COVID-19. Neurological symptoms should be considered as an important finding during the COVID-19 pandemic.

Although respiratory symptoms of COVID-19 are at the forefront, it has been understood that COVID-19 causes the important neurological symptoms \[[@CR8], [@CR11]\]. In addition, this virus has also been detected in CSF, and it is understood that it will potentially cause the nerve system damage \[[@CR9]\]. Pathological mechanism of COVID-19 is similar with SARS and MERS viruses. Similar to other corona viruses such as SARS and MERS, SARS-CoV-2 can affect the nerve systems either hematogenous or retrograde neuronal route. On the other hand, it has been thought to be that COVID-2019 may disrupt the blood-brain barrier \[[@CR7]\]. This study is a manifestation of nervous system symptoms in COVID-19 patients and an indicative of neurological involvement. Some autopsy results of patients with coronaviruses confirmed the neurological damage \[[@CR12], [@CR13]\].

Studies have remarked that cytokines such as IL-6 and TNF-α are pain mediators in neurovascular inflammation \[[@CR14]\]. It has been reported that cytokines such as IL-6 are particularly painful mediators in migraine, and IL-6 levels are significantly higher in some headache patients \[[@CR15]\]. IL-6 is a proinflammatory cytokine released from T cells and macrophages as the stimulant of the immune response. It is known to cause inflammation in cases such as infection and trauma. In addition, this cytokine, which is an important mediator of fever and acute phase response and initiates PGE2 synthesis in the hypothalamus by easily crossing the blood-brain barrier, has been found to be produced by smooth muscle cells of many blood vessels \[[@CR16]\].

Angiotensin-converting enzyme 2 (ACE2) is present in multiple human organs such as nervous system and skeletal muscles \[[@CR17]\]. ACE2 plays role in regulating the blood pressure. The blood-brain barrier may be disrupted during COVID-19 via endothelium dysfunctions \[[@CR12]\]. Thereby, SARS-CoV-2 may cause some neurologic manifestations via direct or indirect mechanisms. In this study, it was found that CK levels in patients with skeletal muscle injury were higher than those without muscle symptoms. SARS-CoV-2 may affect the skeletal muscle cells alone or with proinflammatory cytokines by binding with ACE2. D-dimer blood levels were higher in patients with neurological symptoms than patients without neurological symptoms. Several researches described the association between D-dimer levels and COVID-19 severity \[[@CR8], [@CR11]\]. Some authors also declared that neurological symptoms are more often in severe COVID-19 cases \[[@CR11]\].

The most common neurological symptom in our study was a headache. Skeletal muscle pain, sleep disturbance, and consciousness disorders were also common neurological symptoms. Coronavirus causes the alveolar inflammation and edema \[[@CR13]\]. This condition may cause hypoxia in CNS, and this can affect the cerebral blood flow and intracranial pressure resulting with neurological symptoms ranging from headache to coma.

This study has several limitations. Firstly, it could have performed multi-centered and with more patients. Secondly, neuroimaging techniques (brain CT, brain MRI, fMRI, DTI, transcranial Doppler), lumbar puncture, neuroelectrophysiological tests (EEG, electroneuromyography, evoked potentials), and blood analyzes were either not performed or were limited in the epidemic period of COVID-19. And also, we were insufficient to distinguish whether these neurologic manifestations are caused by the virus directly or another organ damage indirectly.

Results {#Sec7}
=======

As a result, COVID-19 affects the nerve and muscle system. The most common neurological symptoms are headache, muscle pain, sleep disorder, impaired consciousness, smell and taste impairments, dizziness, and cerebrovascular diseases. In particular, the headache character was different from other primary headaches. Headaches were more focal and more localized in the frontal and occipital areas. In this study, it was found that neurological findings have an important role in the COVID-19. Being aware of this knowledge may help us to learn the neurological aspects of COVID-19 pandemic. In the future, studies explaining the underlying pathophysiological mechanisms of neurological symptoms in COVID-19 patients are needed.
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